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We, Union Carbide Corporation, a cor- 
poration organized; under the Lam of the 
Statse of New York, United States of America, 
of 270, Park Avenue, New York, 17, State 
of New York, United States of America, to 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed* 
to be particularly described in and by the 
following statement: — 

This invention relates to a process and 
apparatus for polymerising vinyl compounds. 
More particularly, the invention relates to a 
process and tower reactor for the continuous " 
production of vinyl polymers by suspension 
polymerization. 

It is well known that various polymerizationr 
processes have been developed for the produc- 
tion of numerous homopolymers and copoly- 
mers from vinyl compounds such as vinyl 
chloride, vinyl acetate, vinylidene chloride, 
octyl acrykte^ styrene or isohutyiene. For 
many commercial purposes the spherical poly- 
mer bead obtained 1 by suspension polymeriza- 
tion is preferred over the polymer resulting 
from ztl emulsion polymerization since there 
are distinct and characteristics differences in 
particle size of -jhe polymer produced. For 
e xam ple, in a suspension polymerization, a 
monomer or mixture of monomers is dispersed 
into droplets suspended! in a second liquid 
phase in which both monomer and polymer 
are essentially insoluble. Hie monomer drop- 
lets, which are larger than those in a true 
emulsion, are then polymerized while dis- 
persion is maintained by continuous agitation 
to produce a substantially uniform spherical 
polymer bead which has a particle diameter 
ranging from 10 to 200 microns. On the other 
hand, emulsion- polymerization, which depends 
u pon the solubili zation of the monomers to 



. f arm an emulsion and differs from suspension 
polymerization' in that polymerization does 
not .take place in the droplets of monomers 
but rather in newly formed monomer-poiymer 
particles which arise m an aqueous phase sur- 
rounding the droplets, produces a polymer 
of "Mgher *mo4eoular weight which has a par- 
ticle diameter of about one micron. Although 
the polymerization by suspension provides a 
spherical resin bead having a desirable uni- 
form particle size, the use of this polymeriza- 
tion technique - has been handicapped' to a 
large extent by the fact that up to now com- 
mercial processes for the producting of vinyl 
resins by suspension pdymerizationi have 
been restricted to batch systems. This is be- 
cause it has been impossible to present over- 
conversion and growth of the resin particles 
in a system where complete recirculation of 
the reaction slurry is present. This causes par- 
ticles to grow due to contact with fresh, mono- 
mer and many of the monomers become over- 
converted due to excessive retention time in 
the system. 

According to -the present invention there 
is provided a method for the continuous sus- 
pension polymerization of a charge stock con> 
prising a oolymeriza!ble vinyl compound, 
polymerization catalyst, suspending agent 
and a liquid suspending medium in which 
the vinyl compound has a lower density than 
the suspending medium and the polymer 
thereof has a higher density than the sus- 
pending medium, which method comprises 
continually introducing the charge stock in 
liquid phase into the upper end of a ver- 
tically disposed elongated polymerization zone 
which coTmrnm i rates at its lower end 1 
with a setlling zone, dispersing the vinyl com- 
pound; into droplets in the liquid medium 
to form a suspension, heating the suspension 
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to polymerize the vinyl compound^ pascvng 
- - the vinyl compound as its density increases by 
pcJynrerizatiun downward by turbulent trans- 
fer and free settling 1 through a series cf super- 
5 posed mechanically agitated conversion zones 
formed' in that portion of tffae polymerization 
zone between the .charge inlet and settling 
zones$ each of said conversion zones being of 
increasing vertical thickness^ wherein the vinyl 
10 compound, as its density, increases^ is at a 
fixed density and conversion in a given' con- 
version zone, continuously wididrawing from 
the settling zone a slurry contaning vinyi 
polymer, unporymerized vinyi compound and 
. 15 . water at a rate related to the incoming charge 
stocks and- recovering from the slurry' the 
finished polymer. 

^ Trie present invention provides a con- 
- tinucus ^ suspension polymerization for the 

20 preparation of vinyl polymers and copolymers 
by the method which comprises continually 
intrcducing in liquid phase into the upper 
end of ^ a reaction chamber, a charge stock 
containing a polymerizable vinyl compound, 

25 pdymerizaticn catalyst, suspending agent and 
liquid suspending medium, and continuously 
removing from a settling zone which com- 
municates with the reaction chamber at its 
lower end a stary containing vinyi poly- 

30 nier, unpolymerized vinyl compound and sus- 
pension medium. The reaction chamber com- 
prises a vertically disposed pressure reactor 
cf large height to diameter ratio and the con- 
tents of the reactor are agitated by three of 

35 more radial-flow impeller units attached to 
a single rotatable agitator shaft disposed' with- 
in the reactor in vertical position. The im- 
peHer •units disperse the vinyl compound into 
droplets in the suspending medium to form 

40 a suspension, and are attached at increasingly 
spaced intervals from the top of the agitator 
shaft toward the bottom in order to provide 
a series of mechanically agitated superposed 
conversion zones through which globules of 

45 vinyl monomer migrate as their particle den- 
sity increases with polymerization. 

Hie design of the tower reactor is based 
on the principle of controlled settling which 
permits a variable retention time of individual 

50 monomer particles so that the particles are 
removed from the reactor at the desired degree 

( of conversion. The theory of the agitation 
effected by increasingly spaced impeller units, 
is to supply the minimum amount of agitation 

55 to mechanically shear the monomer into the 
desired size droplets and to maintain- a sus- 
pension. The amount of agitation required 1 to 
maintain a suspension dfpreases as the den- 
sity of the dispersed: phase approaches the 

60 density of the suspendsiryr, medium. There- 
fore the distance between impellers is in- 
creased down through the reactor. This re- 
dmces the recirculation of particles, which 
results in overconversion and particle growth 



and produces a polymer product of uniform 65 
conversion. 

As compared' to batch systems of suspen- 
sion polymerization wherein the average con- 
version of monomer particles is the control 
point, and a uniform conversion necessitates 70 
having the same temperature and catalyst con- 
centration insidie each dropht of monomer, 
the continuous process of this invention pro- 
vides a more uniform polymer product having 
less variation in molecular weight, chemical 75 
composition, particle. size and distribution^ 

Referring now to Figure 1, of the accom- 
panying drawing, the prefered; form of the 
polymerization apparatus comprises a rela- . 
tively tall vertical pressure vessel or tower 80 
reactor 10 consisting of " a shell member 12, 
jreferafbly of cylindrical shape, having a 
height cf at least four times_ its diameter. 
The ratio of height to diameter of the reactor 
may vary widely between- the limits or from 85 
4 to 60 and is preferably between from 6 
to 15. The vertical sides of reactor 10 may be 
surrounded by a temperature control means 
consisting of a reactor jacket 13 which is pro- 
vided with one or more conduit means 14 90 
through which heating .or cooling fluids or - 
gases may be circulated. The temperature in 
the system is kep t constant by any of the suit- 
able automatic controls well known to those 
skilled in the art. In the examples set forth .95 
hereinafter the temperature in the system was 
maintained between 50° C. and 75° C. during . ' 
the polymerization. 

The tower reactor is provided with an 
upper closure member 15 and a lower closure 100 
member 16. Each closure member 15 and 
16 consists of a plate member which is 
sealed to. the shell member 12 and reactor 
jacket ~I3 by any- suitable means, as by weld- 
*ing, for example, so as to provide a com- 105 
pletely waterproof seal. Passing centrally 
through- the top of closure member 15 is a 
vertical agitator shaft 18 to which three or 
more impeller units 20 are attached at in- 
creasingly spaced intervals. Each impeller unit 110 
consists of two or more vertical impeller 
blades 21 which are secured in a radial posi- 
tion, each blade being from 3 to 7 inches 
long and from 1 to 5 inches wide. The outside 
diameter from tip to tip of the impeller blades 115 
expressed at a ratio of reactor diameter to 
impeller diameter is from 1.5 to 5, and pre- 
ferably from -L5-ftx 3.. The impellers impart 
radial flow to the liquid in the reactor and 
are to be distinguished from the propellers of 120 
the prior art which impart vertical flow to a 
Hqdd 

The shaft 18 is centrally supported in- a 
steady bearing structure 19 attached to lower 
closure member 16 and extends vertically 125 
therefrom passing through a bearing do- 
suie structure 19 located in the upper 
closure member 15. The shaft 18 is driven 
by a power source M which is preferably 
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an electric motor. The power source nay also 
consist of other suitable means such as a 
pulley and belt drive, or a power driven gear 
box. 

Located adjacent the top closure member 
15 are separate feed conduits 8 and 9. The 
upper conduit 8 serves as an inkt for the 
feed stream comprising monomers, catalyst 
and any organic diluent which may be em- 
ployed!, while the suspending medium and 
suspending agents are introduced through the 
lower conduit 9. Although the separate feed 
streams which- are * illustrated are desirable 
for economical considerations, the entire feed 
stream may, if desired, be imroduced through 
a single conduit. 

The lower portion 23 of the reactor 10 
serves at a settling and separation zone and 
an outlet conduit or discharge pipe 24 is con- 
nected to the bottom' closure member or to an 
adgacent portion thereof so as to permit with- 
drawal of the reaction' slurry. The. outlet 
24 may be provided with a suitable closure 
•valve, 

While the bottom portion of the reaction 
vessel ^ 10 is shown- as being flat, it is not 
essential for operation of the tower that the 
construction be of this design The bottom 
portion may be conical or dish shaped and 
in many instances a conical botom is preferred 
since it facilitates product removal. 

Disposed on the interior wall of the reac- 
tor vessel and extending away therefrom axe 
one or more vertical baffles 11 or other simi- 
lar constructions which are from 1/10 to 1/12 
of the reactor diameter in width, The baffles 
are located about 90 degrees apart and serve - 
to increase frictional resistance of the feed 
slurry in- the reaction vessel The baffles are 
not essential for operation of the reactor hut 
are desirable for diTrrinating stratification in 
the polymerization unit so as to provide a 
more uniform concentration and' distribution 
of the organics in the mixed phase 

The" tower reactor may be of glass-lined 
construction but is jsreferably of stainless 
steel. 

As previously mentioned, the continuous 
suspension' polymerization of vinyl monomers 
50 is based- on die principle of controlled settling 
which permits a variable retention' time of 
individual particles; that is, the particles are 
removed from the reactor when and only 
when they reach a ,given degree of conversion. 
To accomlish the desired conversion! the tower 
reactor 10 contains a plurality of superposed 
conversion zones 30, 31 and 32 provided by 
means of the impellers 20 attached to the shaft 
18 at increasingly spaced intervals between 
the feed inlets 8 and 9 and settHng zone 23 
wherein monomer particles in a given zone 
are at a fixed denary a^d conversion, and 
are free to move downward from one zone to 
another as their density or conversion 
changes. For example, the monomer drop- 
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iet or vinyl chloride increases in density from 
0.9 -to 1.4 during polymerization. When the 
monomer is dispersed in the suspending 
medium at the top tower 10 the suspended 
particles are moved downward as podymeriz- 70 
ation occurs, dropping from one conversion 
zone to the next, until finally the fi™<A/^ 
polymer particles are withdrawn as a slurry 
from the bottom of the tower through con- 
duit 24, and are subsequently recovered. The 75 
impeller units provide a heterogeneous agi- 
tation system of separate conversion zones and 
the monomer droplets, as polymerization? is 
effected, are moved downward through each 
zone 30, 3»1 and 32 to the. settling zone 23 80 
by turbulent transfer and free settling. Since 
die monomer particles grow in density as 
they polymerize, and thus reach a point where 
their density is greater than the suspending 
medium, the suspension medium together , with 85 
a solid polymer of several hundred monomer 
units can be continuously withdrawn- from 
the reaction vessel at a . rate related to the in- 
coming feed materiala which is maintained in 
the reaction vessel at a constant level, so as 90 
to provide a continuous method- of suspension 
pdymerizationu „. 

The spacing between impeller units may 
increase gradually or. - stepwise, and under 
particular circumstances it may be deshabk 95 
to arrange the impellers in clusters along the 
shaft. The essential feature, however, is that 
the average, distance between impellers in- 
creases from the upper, part of the shaft 
toward its lower part. The impeller spadngs 100 
are empirical and to determine the spacing for 
various polymerization systems a method was 
employed which involved the following pro- 
cedure. Solid particles were dispersed in 
water in a glass column with impellers at dif- 105 
ferent speeds. The distance the dispersed 
particles were formed below the impeller was 
observed and this information was then 
plotted with the particle density as the para- 
meter on an impeller influence versus impeller 110 
speed graph. In deterrmning the impeller 
spacings for a tower, the agitation speed was 

set based on a rough knowledge of the particle 
size-speed relationship for a fixed polymer 
recipe. Mso an arbitrary particle density 115 
was set for each conversion zone; for example 
a paflade density of 0.S5 to O90 
was set for the first zone, and a density 
of 0.91 to 0.95 for the second zone, etc. After 
restricting the system on speed and density, 120 
the plotted data were applied so that 0.90 
density particles would not be forced down 
into the next zone bur that 0.91 density par- 
ticles would be forced down. This procedure 
was followed for each zone until the monomer 125 
particles reached! a given' degree of conver- 
sion and were present in one zone as finished 
polymer particles. 

Based on the above procedure, and as 
applied to polymers systems contemplated 130 
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herein, the distance between the top impeller vary from 25° G up to the boiling point of 
•unit and the one below it should be between? the monemers. The reactor is preferably oper- 
from 0-5 impeller diameters and 6 diameters, ated full of liquid to reduce polymer build 
preferably from 1 to 3 impeller diameters, up on the reactor at liquid level. A slurry 
5 based on the outside diameter of the impeller containing the finished polymer, ampoly- 70 
blades. Generally, at a distance from the top merized monomer and water is continuously 
impeller unit of about 30 per cent of the withdrawn from the reactor through conduit 
length- of the shaft, the impeller spacing will 24. Unreactedi monomer is removed- from the 
be greater than the spacing between the first slurry by vaporization and the finished poly- 
10 two impeller units by a distance of from 0.5 mer is recovered by filtration and drying. 75 
up to 1.5 impeller diameters. At a distance Generally, depending upon the type of poly- 
from the top impeller unit of about 60 per mer, the. drying operation is carried out at a 
cent of the length of the shaft, the spacing temperature of from 50° to 70° C to remove 
between impellers should be greater than the most of the water and the polymer is finished 
15 spacing between the first two by from 1 to 3 dirying to a 98 per cent or more total solids 80 
impeller diameters. ^ content in an elutriator type dryer with 

Hie number of impeller units which may nitrogen, 

be employed on the shaft in the tower reac- ■ The pressure employed in the process 
tor, based on a ratio off reactor height to reac- should) be sufficient to maintain the feed 
- 20 cor diameter between from 4 to 60, as pre- materials in the liquid state under the tern- 85 

■■"*'" viousry described, ranges from 3 to 50 units perature of polymerization. 
\ ' which provides a. maximum 50/50 monomer The race at which the feed streams are 

to "water ratio in any one conversion- zone admitted to the reaction vessel during the 

so as to prevent phase inversion. The pre- polymerisation is subject to considerable vari- 

7: 25 " ferred number of impeller units varies adc^. The feed rate may be determined as a 90 

between from 6 and 20. If a given, number function of the polymerization of the mono- 
of impeller units are required to handle satis- mer which, in turn, is a function of the cata- 

'factorily a* polymerization system which pro- lyst concentration, reaction temperature, and 

- duces a polymer of density- D, only 60 per reaction rate of the particular monomer poly- 
-.-30> cent of that number of impeller- units will merized 95 

^required to handle satisfactorily a system The continuous suspension polymerization 

_ which is otherwise identical but which pro- cf this invention is applicable to a wide 

, ; duces a polymer of density D 4-0.100. variety of vinyl compounds. Hie require- 

- Each impeller unit may contain from two ments as to the types of polymers which may 

35 to eight or more blades, preferably cf rect- be produced are as follows:, the monomer 100 

angular shape^ which may be canted in the must have a lower density than the sus- 

plane of rotation. It is preferred to employ pending medium; the polymer must have a 

a three or four-bladed impeller since increased! higher density than the suspending medium; 

numbers of impeller blades apparently pro- and for copolymers requiring a narrow range 

40 duce no observable improvement on the agita- in chemical composition, the monomers must 105 

-tion system other than to provide a more have about equal reactivities. Among the vinyl 

even interface between the mixed phase and compounds- vvhich may be polymerized or 

water phase. copolymerized * are vinyl chloride, vinyl ace- 

The impeller or agitator speed, stated in tate, octyl acrylate, vinylidene chloride, .vinyl - 

45 terms of linear peripheral velocity of the tip butyrate, vinyl acrylate, styrene, acrylonitrile, 110 

. ranges from 100 to 600 feet per minute, and and isobutylene.- - ..■-*-* 
is preferably from 150 to 350 feet per minute. Preferred jiolymers which may be prepared 

In operation of the apparatus the suspen- and which are of particular interest because 

sion polymerization ingredients are fed- into of their good flow properties, particle porosity, 

50 the top of the reactor preferably through the and particle size, comprise polyvinyl chloride^ 115 
separate feed lines 8 and 9 by controlled .polyvinyl acetate, and vinyl chioride-ocrtyl 
volume pumps. The monomer feed stream acrylate and vinyl chloride-vinyl acetate co- 
contains the monomer or mixture cf mono- polymers. These resins which are produced by 
mers, catalyst, and any organic diluent em- the tower suspension process have less fines 

55 ployed^ while the suspending medium, which and course materials than those produced by a 120 

is usually water, contains the suspending batch process. Practically all of the resins 

agent and any wetting agent employed The particles produced are spherical in shape and 

normal operating procedure is to fiH the reac- range in particle diameter from 10 to 200 

tor with the suspending medium, adjust the microns. 

60 temperature, pressure and impeller speed, and The catalysts used for the suspension poly- 123 

then feed both the monomer and suspension merization may be any of the polymerization 

streams at the desired rates. The tempera- catalysts that are known for this purpose, such 

ture of the polymerization is automatically as hydrogen peroxide, persulphuric acid, per- 

controlied by passing hot water through the acetic acid, benzoyl peroxide, dilauroyi per- 

65 reactor jacket from bottom to top and will 1 oxide, barium peroxide, calmium peroxide and 13C 



tie persa&s such as the percarbonates, perbor- 
ates or perphosphates. The catalyst must be 
soluble in the monomer or mixture of mono- 
mers. The amount of catalyst to be employed 
5 . wall vary from 0.01% up to 5.0%, and pre- 
ferably from 0.1% up to 2.0%, based on 
•the monomer phase. 

The suspending agents that may be used 
in the process include methyl ceJkttose, car- 
lo boxyimethyi cellulose and polyvinyl alcohol. 
Wetting agents are frequently desirable in the 
suspension polymerization and for this pur- 
pose suitable materials include salts of the 
higher alkali metal alkyl sulphates such as 
15 sodium an<S/or potassium lauryl sulphate, the 
salts of alkyl naphthalene sulphonic acids 
such as sodium isopropyl naphthalene sul- 
phonate, and me alkylene sulphonates such as 
oetyi sulphonates, oleyl sulphonates and! saearyl 
20 sulphonate. 

Following is a description by way of 
example of methods of carrying the invention 
into effect 

Example 1. 

25 t An tight-inch diameter by thirty-feet tall 
jacketed reactor was used to prepare a paly- 
vinyl chloride resin continuously by a sus- 
pension process. The contents of the reactor 
were stirred by 15 four-inch diameter, turbine, 

30 radial flow impeller units on a top-entering 
centeredsmounted shaft. The distance 
between each of the first seven impeller 
units was 3 impeller diameters; followed by 3 
four and! one-half impeller diameter spaces; 

35 the distance between the rest of the impeller 
units was 6 impeller diameters each. The 
impellers had 3 one-inch . by two-inch flat 
blades. 

Seventy-five pounds per hour of a mixture 

40 containing 8 parts water, 2 parts vinyl 
chloride, 0.01 parts dilauryl peroxide, and 
0.005 parts polyvinyl alcohol was fed to the 
reactor continuously over a period of 34 hours. 
The reactor was maintained) at a temperature 

45 of .53° C. and a pressure of 140 psig. The 
impellers were operated at a peripheral speed 
of 3.5 feet per second. 

Sixty per cent of the vinyl chloride was 
converted to polymer in the reactor, A slurry 

50 containing the polymer^ unpolymerized vinyl 
chloride, and' water was continuously removed' 
from the bottom of the reactor. The resin was 
recovered' from 1 the slurry by filtration and 
drying. The dried resin had a median particle 

'55 diameter of 73 microns, specific viscosity of a 
02% nitrobenzene solution of 0.185, and) 
a loose bulk density of 31 pounds per cubic 
foot 

Example 2. 

60 A two-foot diameter by thirty-foot tall 
jacketed reactor was used to prepare, a poly- 
vinyl chloride resin continuously by a sus- 
pension process. The contents of the reactor 
were stirted by 9 ten-inch diameter turbine 

65 impellers on a top-entering, center-mounted' 



shaft. The distance between each of the first 
four impeller units was 1.8 impeller diameters; 
followed by three spaces 2.5 impeller dia- 
meters each. The last three impeller units were 
spaced^ 3.5 impeller diameters apart. The 70 
remaining portion of the tower-was used as 
a settling zone. 

Seven hundred fifty pounds per hour of a 
mixture containing 8 parts water,~ 2 parts 
■ vinyl chloride, 0.01 parts of dilauroyl peroxide, 75 
and 0.0095 parts polyvinyl alcohol was fed 
to the reactor for 27 hours. The reactor was 
maintained at a temperature of,54° C and a 
pressure of 135 psig. The impellers were 
operated at a peripheral speed of 3.9 feet' per 80 
second 

Sixty-foe per cent of the vinyl chloride was 
converted to polymer in the reactor, A slurry 
containing the polymer, unpolymerized vinyl 
chloride and water was continuously removed 85 
from the bottom of the reactor. The resin 
was recovered' from the slurry by filtration and 
drying. The dried resin had a median* particle ' 
dfiameter of 76 microns, specific viscosity of : a 
0.2% nitrobenzene solution of 0.181, and a 90 
loose bulfe density of 28 pounds per'oubi? - - : 
foot. The resin from this run had a very 
narrow molecular weight range as illustrated 
by less than 1% variation in specific viscosity 
of a number of spot samples obtained- durine 95 
the run. • * ■ , , 

Example -3. 

A fiVenfoot diameter by tmrty-twoi foot tall 
jacketed reactor was used to prepare a poly- * 
vinyl chloride resin continuously by a~sus-* - 100 
pension process. The contents of the reactor 
was stirred by 5 twenf oat : diameter turbine 
four-bladed impellers. The distance between 
•the impeller units was 1.25, 1,75, 225 and 
2.75 ^ameters, respectively. The bottom por- 105 
tion of the reactor was used as a settling and 
separation zone 

Four thousand pounds per hour of a mix- 
ture containing 7 parts water, 3 parts vinyl 
chloride, 0.15 parts dilauroyl peroxide, and 110 
0.01 parts of pohEvinyl alcohol was fed to the 
reactor continuously for 62 hours. The reac- 
tor was maintained' at a temperature of 55° C 
and a pressure of 140 psig. The impeHers 
were operated at a peripheral speed of 52 115 
feet per second. Forty-five percent of -the 
vinyl chloride was converted to polymer in 
the reactor. A slurry containing the polymer 
unpolymerized vinyl chloride, and- water con- 
tinuously removed from the bottom of the 120 
reactor. The unpolymerized vinyl chloride was 
separated' from' the water and monomer by 
vaporizing. The resin was recovered from the 
water by filtration and drying. The dried' resin 
had a median particle diameter of 120 mdc- 125 
ions,, specific viscosity of 0.175, and a loose 
bulk density of 24 pounds per cubic foot. 

Example 4. 
Tlie equipment described in Example 3 was " 



8633055 



used to prepare a sample of low molecular 
(weight polyvinyl chloride resin continuously 
by a suspension pr oc e ss . 
Four thouand pounds per hour of a mix- 
f ture attaining 7 pans water, 3 parts vinyl 
chloride, 0.009 parts diknroyl peroxide, and 
0.006 parts polyvinyl alcohol was fed to the 
reactor. The reactor was maintained 1 at a 
temperature of 72° C and! a pressure of 175 
10 psig. The impellers were operated at a peri- 
pheral speed of 5.5 Sect per second. 

Approximately eighty per cent of the vinyl 
chloride fed to the reactor was converted to 
polymer, A slurry containing the polymer, un- 
15 polymerized vinyl chloridte, and water was 
continuously removed from the bottom of the 
reactor. The unpcdymsrized vinyl chloride was 
removed from the slurry by vaporization. The 
resin was recovered -by filtration and! drying. 
20 The dried-resin was a fine; mdf orm, firee-flow- 
ing material ■ with . a median -particle diameter 
' of 90 microns,, a specific., viscosity^ of 0.117, 
and a loose-bulk density of 36 pounds per 
cubic foot 
"25 \^ . Example s. 

The equipment "described in Example 1 
was used" to prepare a vinyl chloride-vinyl 
acetate cojwlymer. resin continuously by a 
suspension process. 
30 Seventy-five" pounds per hour of a mixture 
containing 8 parts water, 1.6 parts vinyl 
chloride, 0.4 parts vinyl acetate, 0.0015 parts 
. - dialuaroyl peroxide, and O.004 parts polyvinyl 
alcohol . was ted to the reactor continuously 
35 for a period! of 35 hours. The reactor was 
maintained at a temperature of 72° C and 
a pressure of 168 psig. The impellers were 
operated' at a peripheral speed of 3.4 feet per 
second 

40 SevencyHfive per cent of the monomer was 
converted to polymer in the reactor. The 
slurry from the reactor containing polymer, 
unpolymerized' mo nome r, and water was con- 
tinuously removed from the bottom of the 

45 reactor. T!te ^polymerized monomers- were - 4 
*. removed, By vaporization and the polymer was 
recovered from the water by filtration and 
drying. The dried resin was free-flowing and! 
contained uniform, spherical, dense particles 

50 with a median diameter of 92 microns, a 
specific viscosity of 0.102, and a polyvinyl 
chloride content of 85%,- with a loose bulk 
density of 43 pounds per cubic foot *"* *~ 

EXAMPLE 6. 

55 The equipment described in Example 1 
was used to prepare a polyvinyl acetate resin 
continuously by a suspension process. 

ThirtyHfive pounds per hour of a mixture 
containing 7 parts water, 3 parts vinyl 

60 chloride, 0.009 pans dilauroyl peroxide, and 
0.0021 parts polyvinyl alcohol was fed! to 
the reactor. The reactor was maintained at a 
temperature of 70° C and a pressure of 
150 psig. Tne impefiers were operated at a 

65 rtfripheral speed of 3.0 feet per second 



A slurry containing the polymer, unpoly- 
merized monomer, and water was continu- 
ously removed from the bottom of the reactor. 
Essentially all of the monomer was converted 
to polymer in the reactor. The resin- was re- 70 
covered from the slurry by filtration and* dry- 
ing. The dried resin had a median particle 
diameter of 80 microns. A molar solution of 
the polymer in benzene gave a" viscosity of 
300 centipoises {8.66 grams of polymer per 75 
100 cc benzene solution). 

Example 7. 
The equipment described in Example 1 was 
used to prepare a copolymer of vinyl chloride * 
and octyi acrylate continuously by a suspen- 80 
sion process. 

Seventy-five pounds per hour of a mixture 
containing 7 parts, water, 2.6 parts vinyl 
chloride, 0.4 parts octyi acrylate, 0.012 parts 
dilauroyl peroxide, and 0.0035 parts of poly- 85 
vinyl alcohol was fed to the reactor for 20 
hours. The reactor was maintained at 50° C 
and a pressure of 100 psig. The impellers were 
operated at a peripheral speed of 3.0 feet per 
second. 90 

A slurry containing polymer, unpolymerised 
monomer, and' water was continuously re- 
moved from the bottom of the reactor. Hie 
resin was recovered by vaporizing the un- 
reacted monomers and filtering and drying. 95 
The dried resin consisted of fine, free-flowing, 
spherical particles with a median diameter of 
80 microns, specific viscosity of 0.205, and a 
polyvinyl chloride content of 79 per cent. 

WHAT WOE CLAIM IS:— . 100 

~ 1. A method for the continuous suspension: 
polymerization of a charge stock comprising a 
polymerizable vinyl compound, polymerization 
catalyst, suspending agent and a liquid 1 sus- 
pending medium in which the vinyl com- 105 
pound has a lower density than the-suspenoV 
ing medium- and the polymer thereof has a 
higher density than the suspending medium, 
which method comprises continually introduc- 
ing the charge stock in liquid phase into no 
the upper end of a vertically disposed' elon- 
gated- polymerization zone which communi- 
cates at its lower end with a settling zone, dis- 
persing the vinyl compound into droplets in 
the liquid medium to form a suspension^ heat- 115 
ing the ^suspension to polymerize the vinyl 
compound^ passing the vinyl compound as its 
•density increases by polymerization down- 
ward by turbulent transfer and free settling 
through a series of superposed rnechanically 120 
agitated conversion zones formed 1 in that por- 
tion of the polymerization zone between' the 
charge infer and settling zones, each of said 
conversion zones being of increasing vertical 
thickness, wherein the vinyl compound, as its 125 
density increases, is at a fixed density and 
conversion in a given conversion zone, con- 
tinuously withdrawing from the settling zone 
a slurry containing vinyl polymer, unpoly- 
merized vinyl compound and water at a rate 130 
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related to tie incoming charge stock, and 
^venng from the story the finished poly- 

2. A method as claimed in Claim 1, in 
vriuch, the pofymetizable vinyl compound] is 
vinyl chksridte, vinyl acetate or octyl acryiate. 

>. A method as claimed in Oaim 1 ox 
Chum i 2 in which the finished polymer has a 
paitocfe diameter of from 100 to 200 microns. 

4. A method' for the continuous suspension 
polymerization of vinyl compounds substan- 
tially as described with reference to the speci- 
fic examples hereinbefore set forth. 
. 5 - apparatus for the continuous suspen- 
sion prilymerization of vinyl compounds 
according to Oaim 1, which comprises a ver- 
acally disposed elongated! chamber having a 
height to diameter ratio of from 4 to 60, a 
closure member seemed to each end of the 
chamber, a rotatable agitator shaft disposed 
within the chamber in vertical position, means 
for rotating the shaft, and a plurality of 
impeller unite attached 1 to the shaft which the 
spacing between the impeller units increases 
in distance from the upper part of the shaft 
to the lower portion- thereof, said: impeller 
units providing a series of superposed- mech- 
anically agitated conversion zones. 

6. An apparatus as claimed in Oaim 5, 
in which the chamber height to diameter ratio 
is from 6 to 15. 

7. An apparatus as claimed in Claim 5 or 
Claim 6, in which from 3 to 50 impeller units 
are attached' to the shaft. 



. & apparatus as daimed in Oaim 7, 35 
an winch from 6 to 20 impeller umts are 
attached) to the shaft. 

9 An apparatus as claimed in any one 
of Cairns 5 to 8, in which the spacing between 
the first and second uppermost impeller units 40 
is between 0.5 and 6 impeller diameters, 
rased on the outside diameter of the impeller 
blades, the spacing between impeller units 
at a distance of 30 per cent of the length 
of the shaft from the first impeller unit is 45 
greater than the spacing between the first and 
second impeller units by a distance of 0.5 
to 1.5 impeller diameters, and the spacing 
between impeller units at a distance of 60 
per cent of the length of said shaft from the 50 
first impeller unit is greater than the spacing 
between the first and second impeller units 
by a distance of 1 to 3 impeller diameters. 

10. An apparatus as claimed in Claim 9, in 
which the spacing between the first and! 55 
second uppermost impeller units is between 

1 and 3 impeller diameters, based on the out- 
side diameter of the impeller blades. 

11. An apparatus for the continuous sirs- 
pension pdymerization of vinyl compounds 60 
according to Claim- 1 substantially as herein- 
before described and' with reference to the 
accompanying drawing. 
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I QHPCT ^ s drawing Is a reproduction of 
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